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iz, Smaakys 
The authors heve ebtained by experimental 
methoge an effective shear modulus for the eheet in 
a stiffened plane sheet beam coubination under bend= 
ing loads. vor the eosbinations tested it was found — 
that the modulus decreases repidly under light leade 
modulus than the thin sheet. 











Le be DITROQUUST ION s 

Ks a part of the investigation of the stress 
distribution in metal covered wings leading to the Bost 
efficient distribution of materiale, experiments are being 
made in the Cuggenheim Aeronautics Laboratory with Cleat 
plates reenforced with stiffeners. White and Antz (Nef. 1) 
investigated reeniorced flat plates under concentrated end 
loads, ‘The work covered by this paper has extenced the 
investigation to include the case of two built up beam 
sections, connected by a stiffened plane sneet, aad 
subjected to a uniform bending Moment. “he transfer of 
comoressive stress (rom the main spars to the intermediate 
stivfeners has been studied with the idea of finding a 
rational method of calculating the load in the stiffeners. 


Two cover sheet sizes were tested, one of which was heavy 


enough to stay out of the wave state under moderate loading, 


while the other was light enough to ge into the weve state 
emrly in the loedins, The stiffener size and arrangement 


on the two panels were the same. 
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TV. @APRRIMENTAL [NVEcTICAT DON: 

The test specimen consisted of two Main mptrs 96" 
long and &" deep spaced 26" apart, snd a bottom cover shert 
2g" X 72" secured to the flange amrles by 6-92 091t8 apaced 
3" apart.e The four stiffeners consisted of extruded bulb 
awrles spaced 5" wpart and riveted with 3/22" rivets spaced 
at 1" intervals, “oth ends of the spars were rigidly 
attached to the testing machine as was alse one end of the 
cover sheet, ‘The other end of the cover panel (am ite 
reentorcing stiffeners) was free corresponding to an 
intinitely weak rib system near the tip of @ Wings it 
intervals along the spon chordwise spacers were used to 


prevent rotation of main spars, (See Fic, I) 
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The strees distribution was obtained by measuring 
deformations with Huggenberger Tensometers on the beam 
cape and stiffener lers. The gauce lencth was 3 cm. 

These Tensometers, whose scale readings ere approximately 
1200 times the measured deflections, were accurately 
ealibrated with an interferometer, The tensometers placed 
on the stiffeners were held in place by means of rubber 
suction cupé moistened with glycerine, as seen in tigure 4, 
while those on the main separ were held by a special clamp 


shown in figure 5, 


Fic. 4 


Fie. S. 





From the ;eneral nature of the set up and 
from the previous experiments one would expect that 
strain readings taken along the bottom flange would 
produce a graph of the general shape of the solid 
curve of figure 6 But with the tensometers placed 
at position "A" along the flange the resulting 
curve was the dotted line of figure 6, However, by 
taking two sets of readings at each station, one at 
"BY and another at "C" and extrapolating to the vertical 
neutral axis at the center of the web, “D", the result- 
ing points produced the smooth curve shown by the solid 
line, This indicated the presence of and eliminated 
the effects of chordwise bendings, A similar effect 
was noted on the intermediate stiffeners. 

The following diagram shows how the chordwise 


bending stresses arise, 
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(b) 


DEFLECTION 


(c) 


BENDING MOMENT 





The tension field in the sheet loads the main spar laterally, 

or chordwise, while the chordwise spacers act as supports of 

a continuous beam, The deflection curve thus produced is of the 
form shown at (b) and the bending moment of the general shape 
shown at (c).The stresses caused by this bending are superimposed 
upon the stresses from the applied moments, the combination 


producing the dotted curve of Fig. 6, 


STRAIN 


At the point on the main spar where the sheet ends a sudden 
chance in the moment of inertia and neutral axis takes place. 
Tn an elastic body at such discontinuities as this the stress 
instead of makins a sharp change takes up the load more even- 
ly and reaches its final value about a spar depth further on. 
4 similar discontinuity exists at the fixed end of the sheet 
yuere a securing angle changes the section properties oi tue 


Deane 9 


In converting strain into stress the value 
of Young's Mo@ulus for dural was taken as 10.4 x 10° 
Lboe/ea. in, 

Firures (1°) te (°7) show the strees distri- 
bution for various bending loads and thicknesses of 
sheet, It is of interest to note that the stresses at 
any station vary directly with the bending moment for 
both the thin and thick sheet, and while the thick 
sheet extrapolates to zero, the thin sheet dees note 
This is thought to be due to the fact that some 
initial stresses existed in the thin sheet set up 
in the unloaded condition. (See Fig, 12 to 14 and 
20 te 22). 

The authors heve no explanation for the 
peculiar shape of the stress curves of stiffener 
"Cc" of the thick sheet near the free ends 


Ve THBORETICAL CALCULATIONS: 

In order that the results obtained here may 
be of some use to the designer who is looking for 
a method of predicting the stresses in the stiffeners, 
an attempt is made to find an effective shear 
modulus, G', or better, the ratio g's 

Figure (7) is a plan view of the beam, 
divided into a number of transverse strips arbitra- 
rily chosen in 5" widths. As the test beam is synm- 
metrical about its lonritudional axis only one 
half is shown, Stress distribution curves are also 
indicated. 

A, A, 5 and A. are areas of stiffeners, 

A, B, end C respectively. 

Let us consider a strip across the beam of 
width (7 ). 

The basic relationship between shear stress 
( y ) and strain ( 7 ) is 

Te Gr 


Where G = shear modulus, 
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But since en average value of § should be taken over 
the interval between (n) and (n+l) the area shown in 


Fig. 8 should be taken. 


(4) b, nia xt area under U, curve to (ned) | 


Op 
~ area under 0, curve to (n+$)| 


Similarly, for &%; 


cy is feet area under 0, curve to (n+3)| 
Te 


~ | area under curve to (n+d)| 


In our case we have assumed 6 = 5 inches 
end our stiffener spacing is d= 5 inches 
We now have ( 0, - 0,) in terms of E. Substituting in 


equation (3) we get the equation for ~ 


(6) Gla Anal nn = Hq) + Ap(%Gq — Ban) = Ac (Gn -—Fean) 


By 25 t, ae ¥ ] 
where 
X = area between0, and 0g curves to (n+4) 
Jp 


Y = area between, and G curves to (n+5) 


The areas were obtained from the stress distribution : 
curves with a planimeter. Results of the computations 


by this formula are plotted in figures 9 to ll, 
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CAMNPLE CALCULST1ONS 





For a section at °5% of the span from the fixed end of the 
0.025 sheet subjected to a bending moment of 120,000 in.1bs. 
n = 30 inches and n+l = 65 inches and the numerator of 


equation (5) will be: 


A (Fay ~ , ) = 0.538 (12000 - 12750) = 426 Ibs. 
A (0g, -%&,.) = 0.044 ( 5100 = 3450) = 72 Ibs. 
A (%, ~%,,,) = 0,044 ( 3600 - 2000 ) = - 66 Ibs. 


_ oe am a ae => ow CL 


432 lbs. 


For the denominator: 


x we 5,80 sq. im 

Y¥ =» 1.12 sa.in. 

X-Y = 4,68 sa.in. and since one square inch of chart are 
represents 2,000 lbs/sq.in. times 10 inches, or 
20,000 lbs/in. 

NY =» 4,68 x 29,900 = 93,600 Tingi/ ite 


2a % 2 & x O, O25 2 - 7 
& (xey ) = ZEROS. x 93,600 = 4630 lds, 
Then, 

Gt 432 


= 0.092 


[2 4680 





VI. DISCUSSION: 
It is seen that e decreases with increasing bend-~ 
ing moment and elso decreases with the distances from the 
fixed end of the sheet, It is of interest to note that 
the curve when extrapolated to zero moment (Fig. 9) 
reaches the electie value of = where, taking Fe «20 
G' ss 


sign 
i 2(l+t v7 ) 
The thiek sheet gives higher values of e than 


«= 0,385 


the thin sheet, (Fig. 11) but they were not nearly as 
consistant as those for the thin sheet. This is due to 
the fact that the stresses in the thick sheet and stiffeners 
were not as high, end small errors in stress difference 
and areas have much sreater effect, Much better accuracy 
would have undoubtedly been attained had the thick sheet 
been subjected to a higher bending load, but, as can be 
seen from fisure 6, the stresses in the main spar caps 
near the end were 20,000 lbs/sq. in., beyond which there 
was cCanger of some permanent set, which we wished to avoid. 
More experimenting will be necessary with other 
stiffener mamber, size and spacings, lengths of panel and 
unequal end moments to verify these resuits, The applica- 
bered sheet 





tion of torsional loads and the testing of cam 


in @ similar manner offer further extensions of this problem, 
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